A Pedotransfer Function to Map Soil Bulk Density from Limited Data  by Rodríguez-Lado, Luis et al.
 Procedia Environmental Sciences  27 ( 2015 )  45 – 48 
1878-0296 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Spatial Statistics 2015: Emerging Patterns committee
doi: 10.1016/j.proenv.2015.07.112 
Available online at www.sciencedirect.com
ScienceDirect
Spatial Statistics 2015: Emerging Patterns 
A pedotransfer function to map soil bulk density from limited data 
Luis Rodríguez-Ladoa*, Marcela Riala, Teresa Taboadaa, Antonio Martínez Cortizasa 
aDpt. Edafoloxía e Química Agrícola, Facultade de Bioloxía, Universidade de Santiago de Compostela, 15782 Santiago de Compostela. Spain 
 
Abstract 
Soil bulk density is an important soil parameter directly related to a number of soil properties and processes and required to 
estimate element stocks in soils on an area basis. The measure of ρb is expensive and time-consuming and thus is often excluded 
from ordinary analyses. It is thus necessary the development of proper pedotransfer functions (PTF) to estimate ρb from 
parameters ordinarily included in soil analyses. In this study we used a geochemical database of 115 epipedons from Galicia 
(NW Spain) to test 3 different statistical methods – multiple linear regression, random forest and neural networks – in order to 
develop a PTF linking bulk density to organic matter content and soil textural fractions. Random forest was the model that 
presented the highest predictive performance (R-squared=0.90; RMSE=0.14; ME=0.03). This PTF was used to generalize a map 
of ρb covering the study area. Soil bulk density in Galicia is mainly related to the soil carbon content, peat soils being the features 
with lower ρb in this study area. 
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1. Introduction 
Soil bulk density (ρb) is an important soil parameter directly related to a number of soil properties and processes 
including porosity, soil moisture, water infiltration rates and erodibility [1,2].  It is an important parameter to predict 
soil hydraulic functions such as water retention, hydraulic conductivity or surface runoff [3,4] and a parameter 
required to convert element concentrations to weight on an area basis and estimate stocks and fluxes of elements 
within ecosystems [5,6].  
The measurement of ρb is expensive and time-consuming, thus it is a parameter often excluded from ordinary soil 
analyses. Pedotransfer functions (PTF) have been proposed as an alternate solution to determine soil bulk density 
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from commonly available soil data. These functions relate ρb to other properties, such as soil texture and soil organic 
matter content, from field samples to create functions describing their statistical relationship. Bulk density is thus 
influenced by other environmental parameters such as land-use, geology and climate. Previous works found that ρb is 
negatively correlated to organic matter texture and cation exchange capacity [7-11].  
In this study we compared the performance of three algorithms – multiple linear regression, random forest and 
neural networks – in order to explain the variability of ρb measurements, using soil organic carbon content and 
textural fractions as independent proxies. We used the PTF with higher predictive performance to map the 
distribution of soil bulk density in Galicia (NW-Spain), a transitional zone between Oceanic and Mediterranean 
climates and presenting high geological and land-use diversity. 
2. Methodology 
2.1. Soil data 
A total of 121 samples were collated from topsoil horizons in acid soils in Galicia (NW- Spain). Samples were 
air-dried and sieved through a 2 mm mesh before analysis. Organic carbon content was determined using the 
Walkley–Black method [12] on 0.2 g of sample after oxidation using the K2Cr2O7 in concentrated H2SO4 (98%). 
The titration of organic carbon was made with Fe(NH4)2(SO4)2 0.5N on 5 ml of the digested sample. Textural 
fractions (% sand, silt and clay) were determined by the Robinson's pipette method. Soil bulk density was calculated 
as the ratio of dry soil weight (g) to the volume of soil contained in a predefined steel cylinder (100 cm3). Log 
transformed SOC and textural fractions were used as independent proxies to determine soil bulk density. 
2.2. Statistical analyses 
We tested the predictive performance of three different modelling approaches – stepwise multiple linear 
regression (MLR), Random Forests (RF) and Neural Networks (NN) – in order to model soil bulk density from 
auxiliary data. The models were calibrated using a random selection of 75 % of samples and validated upon the 
remaining 25 %. The goodness-of-fit of each approach was evaluated using a number of performance indicators 
including the adjusted R-squared (R2), the Root Mean Squared Error (RMSE), the Mean Error (ME) and the Mean 
Absolute Error (MAE). We used the model presenting higher performance to map the distribution of soil bulk 
density in the study area using raster maps of SOC [13] and the three textural fractions, at a spatial resolution of 
25x25 m, as external proxies. 
3. Results 
Soil bulk density in topsoils in Galicia range between 0.12 and 1.8 g cm-3, with a mean value of 0.87 g cm-3. The 
lower values correspond to peat soils having more than 40% of SOC and located in the mountain ranges in the 
northern part of the region. The higher ρb values correspond to soils with very low SOC content (1 %) and loamy 
texture (sand = 43 % silt = 42 % clay = 15 %). 
 
All the models here created presented a good ability to predict ρb, with values of explained variance ranging 
between 0.79 to 0.9, and RMSE values between 0.15 and 0.18 g cm-3, after external validation (Figure 1).  
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Fig. 1. Plot of the performance of the models in the external validation. 
SOC is the auxiliary parameter with higher influence in explaining the variation of ρb. The higher performance 
corresponds to the Random Forest model, which explains 90% of the variability in ρb and presents the lower RMSE. 
This model has been used to create a map showing the distribution of ρb in the study area (Figure 2). 
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Fig. 2. (a) map of the predicted ρb in Galicia; (b) percent of area for each ρb class; (c) location of the study area. 
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The map shows that ρb mainly ranges between 0.8 and 1 g cm-3 and that it is highly influenced by climate. Low ρb 
have been measured in soils with high SOC (peat and organic soils). These soils are generally located in mountain 
ranges where high precipitation rates and low temperatures occur. Most soils have ρb between 0.8 and 1 g cm-3. High 
values have been predicted for soils along the Miño river valley and in soils developed from granitic rocks and slates 
with a continental climatic trend as observed in the SE of the region.  
4. Conclusions 
Soil bulk density in topsoils in Galicia is mainly influenced by the amount of organic carbon stored in soils. Peat 
and organic soils, occurring in humid and cold conditions, are the features with lower ρb. These conditions, mainly 
observed in mountain ranges in the north, are prone to the accumulation of the organic carbon present in soils and 
thus decreasing the ρb. On the other hand, the higher ρb values are located in soils developed on granitic rocks and 
slates along the Miño river valley in the SE of the region. These soils are located in a transitional area from oceanic 
to continental climates, with lower precipitation rates and higher differences between winter and summer 
temperatures. These climatic conditions are prone to the mineralization of the organic carbon present in soils and 
thus their ρb increases.  
Random Forest presents higher predictive performance than Multiple Regression and Neural Networks 
algorithms. This model explains 90% of the variability in bulk density in the independent dataset and leads to low 
RMSE values of 0.14 g cm-3. 
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